Introduction
============

Cryptorchidism (undescended testis) is one of the most common pediatric disorders of the male endocrine glands and the most common genital disorder identified at birth. Cryptorchidism occurs in 1% to 3% of full-term and up to 45% of preterm male neonates ([@r1]). On physical exam, undescended testes may be palpable or non-palpable. When a testis is nonpalpable, the testis may be intra-abdominal or a "peeping" testis at the internal ring (25% to 50%), absent, a testicular nubbin ("vanishing" testis, 15% to 40%), or present but not appreciated on exam in the office due to body habitus, testicular size, and/or limited physical exam secondary to patient cooperation (10% to 30%) ([@r2]).

Progressive germ and Leydig cell loss is associated with longer lengths of time a testis remains undescended ([@r3]), and cryptorchidism is associated with a 2.7 times greater risk of testicular cancer ([@r4]). In order to decrease the risk of impaired fertility and testicular cancer, the recently published American Urological Association (AUA) guidelines recommend that surgery should be performed within the next year if testicular descent does not occur by 6 months (corrected for gestational age) ([@r5]). The operative approach for cryptorchidism is based upon the palpability of the testis at the time of examination under anesthesia. However, preoperative imaging is often used to identify cryptorchid or absent testes. The purpose of this article is to review the clinical utility of diagnostic imaging in the preoperative evaluation of boys with cryptorchidism, with respect to its benefits, limitations, and cost.

Clinical evaluation
===================

Gestational history is critical to determine the proper time to refer a child with cryptorchidism. Testicular descent occurs in two phases: transabdominal descent at approximately 22-25 weeks gestational age, and inguinoscrotal migration at 25-30 weeks gestational age ([@r6],[@r7]). As migration through the inguinal canal occurs relatively late in gestational development, cryptorchidism is accordingly higher in premature boys in the first few months of life. Testes may descend after birth; however, spontaneous testicular descent is unlikely in boys older than 6 months, corrected for gestational age ([@r8],[@r9]). Boys older than 6 months with cryptorchidism should be referred to a surgical specialist for evaluation ([@r5]).

Depending on provider preference and age of the child, boys may be examined in a frog legged supine position, sitting with legs crossed, or standing. Assistance with keeping the child still facilitates the exam. Abducting the thigh also helps to inhibit the cremasteric reflex and thus limits testicular elevation from elicitation of this reflex ([@r2]). There are several possible findings on physical examination when a testis is not descended to the correct position. An undescended testis may be located in the abdomen, the inguinal canal, the superficial inguinal pouch, the upper scrotum, or another ectopic position such as perineum, contralateral scrotum, or femoral region. The palpability of the undescended testis is the most critical aspect of the evaluation of a boy with cryptorchidism as palpability determines the surgical approach. When the testis is palpable, an inguinal or prescrotal ochiopexy is the preferred approach as the location of the testis is known to be distal to the internal ring. If the testis remains nonpalpable under anesthesia, laparoscopy is the preferred diagnostic and therapeutic approach. Diagnostic laparoscopy or inguinal exploration will identify a viable testis or confirm an absent testis by revealing blind-ending spermatic vessels or a nonviable nubbin ([@r10]-[@r13]). Laparoscopy has nearly 100% sensitivity and specificity to localize a testis or confirm its absence and this has become the criterion standard against which diagnostic imaging studies are measured ([@r14]-[@r19]). Depending on access to equipment and surgical expertise, open surgery remains an alternative to laparoscopy.

Preoperative diagnostic imaging
===============================

Diagnostic imaging offers the theoretic possibility of sparing a child an operation if a non-palpable testis is confirmed to be absent with 100% certainty ([@r20]). In a national cross-sectional survey of pediatricians practicing in the United States conducted by Tasian *et al.*, 67% of respondents reported ordering imaging during the preoperative evaluation of boys with cryptorchidism ([@r21]). Of the respondents who ordered imaging, 86% reported doing so because they believe imaging reveals the presence or absence of a nonpalpable testis. Fifty percent of respondents believed imaging reassures the family, and 47% reported imaging assists the surgeon in planning the operative approach.

Ultrasound
==========

Ultrasound is the most imaging modality most commonly used to evaluate boys with undescended testes ([@r21]). Ultrasound is noninvasive and does not use ionizing radiation, which makes it an attractive imaging study for children. However, the most important limitation of ultrasound is its ability to accurately localize undescended testes. Even for palpable testes, Elder *et al*. reported poor concordance between physical exam and ultrasound findings; only 12 of the 33 testes palpable either in the scrotum or in the inguinal canal on physical examination could be identified by ultrasound ([@r22]). Ultrasound is not necessary in the evaluation of boys with palpable testes because, most importantly, testicular position is already known by physical exam and, secondly, ultrasound may provide misleading information. These testes can be approached through either an inguinal or pre-scrotal orchiopexy. For non-palpable testes, which is the clinical scenario for which ultrasound is most frequently ordered, the sensitivity and specificity of ultrasound is poor. In 1985, Weiss *et al.* found that ultrasound falsely identified 10% of gubernacular structures as undescended testis ([@r23]). Although there have been many advances in ultrasound technology over the past several decades, 20 years later, in 2007, Nijs *et al.* reported that ultrasound failed to identify all 14 of viable intraabdominal testes when using 5 to 12 MHz and 7 to 10 MHz transducers ([@r24]). Thus, even with current technology, ultrasound cannot reliably localize non-palpable testes, which comprise 20% of all undescended testes ([@r25]).

Tasian and Copp ([@r26]) recently performed a systematic review and meta-analysis of English language studies on ultrasound evaluation of nonpalpable undescended testis. They reported that the sensitivity and specificity of ultrasound in correctly identifying a nonpalpable testis was 45% and 78%, respectively. The positive and negative likelihood ratios (LR), which are the increase and decrease in the odds of a test is actually being in the position identified by ultrasound, were 1.48 and 0.79, respectively. When interpreting LR, a positive LR of 1 to 2 or a negative LR of 0.5 to 1 ([@r27]), indicate small and clinically insignificant changes to clinical management ([@r18]). Using the positive and negative LR for ultrasound evaluation of non-palpable testes, a positive ultrasound increases the probability that a nonpalpable testis is located within the abdomen from 55% to 64%. A negative ultrasound decreases the probability that a nonpalpable testis is located within the abdomen from 55% to 49% ([@r19]). [*Table 1*](#t1){ref-type="table"} demonstrates how ultrasound changes the probability of a nonpalpable test is actually being located in the abdomen, assuming different pre-test probabilities ([@r26]). Due to the minimal change in the probability of testicular location and the persistent probability that a testis is in the abdomen even if ultrasound does not identify the testis, Tasian and Copp concluded that ultrasound is not useful in determining the surgical management of patients with nonpalpable undescended testes.

###### Probability that a non-palpable testis is intra-abdominal before ultrasound and after positive and negative ultrasound

  Before ultrasound (A) (%)   After positive ultrasound (B) (%)   After negative ultrasound (C) (%)
  --------------------------- ----------------------------------- -----------------------------------
  10                          15                                  8
  20                          28                                  16
  30                          40                                  28
  40                          50                                  35
  50                          60                                  45
  55                          64                                  49
  60                          70                                  54
  70                          78                                  64
  80                          86                                  76
  90                          93                                  88

Probability that a non-palpable testis is actually located within the abdomen after an ultrasound does (B) or does not (C) visualize a testis in the abdomen assuming different pre-test probabilities (A). Adapted from Tasian and Copp ([@r26]).

Reliance on findings of preoperative ultrasound may provide misleading information and can have serious consequences. If a urologist decides not to operate on a child with a nonpalpable testis that was not visualized by ultrasound, there is still, assuming the highest sensitivity and specificity of ultrasound, a 36% probability that the testis is within the abdomen ([@r18]). Not operating if this testis is present increases the risk of testicular carcinoma, which, given the intraabdominal location of the testis, potentially places the child at a higher risk of delayed presentation with advanced disease due to the inability to perform routine screening testicular self-examinations ([@r4],[@r28]).

Computed tomography (CT)
========================

CT has been used selectively as a diagnostic imaging modality to evaluate undescended testis. In the early 1980s, Lee *et al.* reported that CT correctly identified 100% of eight undescended testes. However, five of these testes were potentially palpable in the inguinal canal ([@r29],[@r30]). Furthermore, there are potential risks of secondary malignancy conferred by medical radiation, which is especially concerning for children given their long life expectancy and greater susceptibility to the effects of ionizing radiation ([@r31]). While CT continues to have an important role in staging of testicular cancer for which boys with cryptorchidism are at increased risk, there is no role for routine CT evaluation of boys with undescended testes.

Magnetic resonance imaging (MRI)
================================

As opposed to CT, MRI does not involved ionizing radiation, which makes it a potential attractive alternative for children in need of cross-sectional imaging. However, MRI has its own limitations, including more limited availability, high cost, and, arguably, most importantly, the need for sedation or anesthesia in order for children to tolerate the scan. In 1999, Yeung *et al.* ([@r32]) reported that the gadolinium-enhanced MRI identified 20 of 21 non-palpable testes of which 4 were intra-abdominal and 8 were intracanicular nubbins. These findings demonstrated that MRI had a sensitivity and specificity of 96% and 100%, respectively. While the authors concluded from this that laparoscopy could have been avoided in 78% of patients who had preoperative identification of inguinal testes or nubbins ([@r31]), not identifying a testis does not completely exclude its absence ([@r33],[@r34]). This is supported by a recent systematic review by Krishnaswami *et al.* ([@r35]). Krishnaswami reviewed eight observational studies that examined the performance of conventional MRI to identify the presence or absence of testicles and reported that the accuracy of MRI to identify non-palpable testes ranged from 42% to 88%. The false positive rate of conventional MRI was 14% (5 of 35 cases). In those cases, lymph nodes were mistaken for viable testicular tissue. Even more importantly, MIR missed 38% of viable intra-abdominal testes. This high false negative rate makes it unlikely for MRI to reliably replace surgical exploration at this time.

Guidelines for diagnostic imaging use
=====================================

Guidelines from multiple professional organizations consistently recommend that imaging not be routinely performed in the diagnosis of undescended testes prior to surgical intervention. US Department of Health and Human Services guidelines recommend against ultrasound, CT, and MRI for boys with cryptorchidism as these tests do not add clinically important information to the physical examination ([@r18],[@r22],[@r26],[@r36],[@r37]). Grade A recommendations from the National Guideline Clearinghouse ([@r37]) state that there is no reliable examination to confirm or rule out an intra-abdominal, inguinal and absent/vanishing testis (non-palpable testis), except for diagnostic laparoscopy. They do, however, recommend an exam under general anesthesia prior to carrying out a laparoscopic assessment, as some, originally non-palpable, testes are palpable under anesthetic conditions.

As part of the Choosing Wisely Campaign, a collaborative effort among medical specialities to identify evidence based care that is truly necessary, the AUA stated that ultrasound should not be performed on boys with cryptorchidism ([@r38]). Expanding on this, the AUA recently released clinical guidelines that explicitly state that providers should not perform ultrasound or other imaging modalities in the evaluation of boys with cryptorchidism prior to referral, as these studies rarely assist in decision making ([@r5]). [*Figure 1*](#f1){ref-type="fig"} shows the recently published recommended algorithm for management of boys with cryptorchidism ([@r5]).

![AUA algorithm for evaluation and treatment of cryptorchidism. Management is dictated by physical exam with no use for imaging in the management of these patients. (Reproduced with permission). AUA, American Urological Association.](tau-03-04-359-f1){#f1}

The European Association of Urology (EAU) guidelines also state that there is no benefit in performing ultrasound, CT, MRI, or angiography ([@r39]).

Implications for health care costs
==================================

The overuse of imaging by primary care providers in this population likely stems from the erroneous belief that ultrasound is a reliable way to identify nonpalpable testis ([@r21]). It is possible that the limitations of imaging in evaluating cryptorchidism are not known to pediatricians. An ancillary hypothesis is that referring providers do not realize that diagnostic imaging would not change the operative approach and surgical decision-making. Knowledge of the nonutility of imaging needs to be disseminated to primary care providers. Younger practitioners and those not practicing in an academic environment may be particularly important populations to target as these were provider characteristics associated with high use of ultrasound ([@r21]).

While advances in technology and diagnostic imaging are inevitable and valuable in certain clinical scenarios, it is essential that physicians carefully consider the limitations of diagnostic imaging to determine when imaging does not change clinical decision making, but does unnecessarily increase health care costs. Given the contribution of diagnostic imaging to US health care costs and the rate at which costs are increasing ([@r40],[@r41]), it is our hope that the current guideline statements from the AUA and EAU will increase awareness among all physicians involved in the care of children with cryptorchidism and help limit costs from unnecessary diagnostic imaging.

Conclusions
===========

Preoperative imaging does not change surgical management of non-palpable testes because a reliable imaging modality is not yet available that can be used in lieu of the gold standard of laparoscopy to correctly identify the presence and location of a non-palpable undescended testis. Additionally, by ordering preoperative imaging in these cases, one may be delaying evaluation and treatment by a surgical specialist, adding to the costs of our healthcare system, and subjecting a child and family to unnecessary testing.

None.
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